The paper presents the application of the microenvironment approach for collection of time budget data to assess exposure of people to indoor air pollution. The aim of the study was to objectively test the hypothesis that exposure to pollutants from combustion of low -grade cooking fuels is a significant risk factor for acute respiratory infection ( ARI ) in infants ( 0 ± 12 months ) . One of the specific objectives of this study was to estimate, in the winter season, the integrated daily exposure of infants and their mothers to respirable suspended particles ( RSPs ) and carbon monoxide ( CO ) . The daily -integrated exposure was estimated by splitting the day into parts called microenvironments identified by the mobility patterns of the infants and mothers. These were so determined such that the spatial variation in the concentration of pollutants during these microenvironments is believed to be relatively insignificant under the given conditions, based on results of past studies and subjective judgement. The time spent in these microenvironments by the infants and mothers was determined by preparing time budgets. Very little correlation was found between the two methods of measurement ( recall method and direct observation using a stopwatch ) for the total time spent in cooking or time actually near the stove. It was observed that infants in houses using kerosene were near the stove for a duration that is 68% of the total cooking duration, while for infants in wood -using households this duration is only 44% ( on the basis of the recall method, these numbers are 84% and 63% respectively ) . The infants spent more time in the indoor noncooking microenvironment irrespective of the fuel and slum type.
Introduction
It is well known that rapid industrialization and urbanization have led to a deterioration of environmental conditions. In urban areas, poor sanitation, generation of solid wastes, inadequate housing and water supply are acknowledged causes of ill health. What is less well known is that the traditional domestic practice of cooking in primitive stoves with low -grade fuels and in badly ventilated kitchens can have serious implications for the health of women and children ( Smith, 1993) . A number of studies have attempted to estimate the exposure from biomass combustion in rural areas of India, Nepal, and some countries in Africa ( Smith et al., 1983; Menon, 1988; Ramakrishna, 1988; Pandey et al., 1989; Saksena et al., 1992 ) . However, the information related to the urban situation is meager (Raiyani et al., 1993; Smith et al., 1994; Saksena et al., 1997 ) .
Total exposure is defined as a function of time spent in contact with various pollution concentrations ( WHO, 1982 ) . As an individual moves from one location to another in his daily routine, he is exposed to varying levels of pollutants for different time durations. It is in this context that data on people's daily activity patterns and time allocations have become important components of exposure assessment studies. More recently Zartarian et al. ( 1997 ) have defined exposure to be the contact between an agent and a target. They further define instantaneous point exposure as contact between an agent and a target at a single point in space and at a single instant in time.
There are two possible methods for estimating exposure of a person ( or a population ) to air pollution: a ) field studies, and b) mathematical models. Field studies involve monitoring pollution concentrations using portable equipments worn by the subjects to assess``personal'' exposure. Mathematical models, on the other hand, involve measurement of pollutant concentration at established sites /environments /locations and the time spent by the subject in these locations / environments to assess thè`t otal'' exposure. The concept of integrated exposure incorporates the duration of the exposure by integrating the concentration with the duration of exposure. Duan (1982 ) introduced the term``microenvironment type'' to compute exposure over any time period. He also suggests that a microenvironment should be defined with sufficient resolution to be homogeneous, i.e. the concentration coefficients should not vary appreciably from one individual to another; in other words, variance of individual exposures within a microenvironment should be smaller than the variance of exposures from one microenvironment to another. However, a microenvironment type has to be somewhat broad so that the analyst does not have too many types to assess. Some typical types might be``rush -hour commuting,''`c ooking, '' etc. Assuming that the air pollution concentrations are homogenous both in space and in time, within each microenvironment, the integrated exposure for an individual is computed as the sum of the product of the pollutant concentration in each microenvironment and the time the individual spent in the microenvironment. Thus,
where, E i is the exposure of the ith individual, C ij is the concentration of the pollutant measured in the jth microenvironment of the ith individual, t ij is the time spent by the ith individual in the jth microenvironment.
The total number of microenvironments is m such that: X m j1 t ij 24 h
The average exposure of a person is closely related to the integrated exposure and can be computed from it. It is defined as the integrated exposure divided by the averaging time.
One of the first attempts made to compute total exposures was done by Fugas (1976 ) by taking into account the average atmospheric concentration of pollutants (lead, manganese and sulfur dioxide; g/m 3 ) at a variety of locations ( home, work place, street 1, street 2, and the country side ) and the time spent by the``population'' in these locations ( hours /week ) to calculate``weighted weekly exposure'' (WWE, g /m 3 h ) for each of the air pollutants (WHO, 1982 ) . A similar approach was adopted in several studies following Fugas except that the term`l ocation'' was replaced by``microenvironment.'' In a study of association between air pollution and changes in children's peak expiratory flow ( PEF ) in the city of Beijing, monitoring sites were set up in those areas in which the children spent a lot of time and/ or played, e.g. classroom, playground, pavements of nearby streets, etc. Sampling badges were hung at each place and air pollution and PEF measurement were carried out simultaneously from Monday to Saturday each week, for 24 h ( Lihua et al., 1993 ) . A study of 170 households in Avon, England from November 1990 through June 1993 reported that the average amount of time spent inside the house per day varied by family member as follows: mothers spent 18.4 h ( 76.7% ) , fathers spent 14.7 h ( 61.3% ) , and infants spent 19.3 h (80.4% ). Infants spent more time at home during winter than summer (Farrow et al., 1997 ) .
Several exposure assessment studies have measured both personal exposures and room concentrations of pollutants so as to examine variations in results. An example of such study is that of WHO (1984 ) wherein the authors used personal monitors to measure personal exposures to respirable suspended particles ( RSPs ) and portable monitors to measure concentrations at several``monitoring sites'' (inside and outside the apartment, at the nearest air pollution monitoring site, etc. ) . They found a significant correlation between personal exposure and indoor and outdoor RSP levels during all seasons. A similar study of personal and microenvironmental carbon monoxide (CO ) exposures found that total exposures based on concentrations and time budgets and personal exposures yielded similar results (Smith, 1987) .
1 These studies lead us to believe that the indirect methods of exposure assessment can yield estimates that closely match those of the direct method.
The population groups being studied also determines the number and types of microenvironments selected for concentration measurements. In a developing country study of daily exposure to TSP and CO in the Garwahal Himalaya, the following microenvironments were identified for four population groups (adult women, adult men, children and youth ): a) kitchen during cooking session, b) kitchen during noncooking session, c ) living room, d) outdoors in the village during cooking sessions, e) outdoors in the village during noncooking sessions, f ) outdoors, far from the village (Saksena et al., 1992 ) .
The study
The study was a part of a larger study titled,``Study on the effects of indoor air pollution among infants ( 0± 12 months) in Delhi.'' The study aimed at objectively testing the hypothesis that exposure to pollutants from combustion of low -grade cooking fuels (biomass vis -a -vis kerosene ) is a significant risk factor for acute lower respiratory infection (ALRI ) in infants. One of the specific objectives of this study was to estimate, in a season, the integrated daily exposure of infants ( 0± 12 months ) and their mothers to RSPs and CO. The slums chosen in this study were one from high ambient air pollution area, Kathputly Colony ( West Delhi ); and the other from low ambient air pollution area, Kusumpur Pahari ( South Delhi ) . The classification of the slums was on the basis of cluster analysis of secondary data on ambient air quality ( Saksena, 1999 ) . A total of 80 households were monitored for indoor air pollution and 640 infants for ALRI during winter season ( December 94 ± February 95 ).
Objectives
The objectives of the study are as follows:
1. To identify the optimal number of microenvironments, in a poor urban community, that could exist for infants and mothers in 24 h. 2. To determine the time spent by the infant /mother in the various microenvironments, 3. To determine the time spent by the infant near the cookstove, and 4. To determine the average time spent by the infant / mother on different activities.
Methods
The study used the combined approach of mobility patterns and time budgets. 2 The daily integrated exposures were estimated by splitting the day into parts called microenvironments identified by the mobility patterns of the subject. These were so determined such that the spatial variation in the concentration of pollutants during these microenvironments is insignificant under the given conditions. The time spent in these microenvironments by the infants and mothers was determined by preparing time budgets. Table  1 gives the different phases of the study.
Identification of Microenvironments
A field survey (pre time budget survey ) was designed to identify the optimal number of microenvironment that could exist for any infant/ mother in 24 h. The survey was done in the month of November 1994. The sample was selected randomly from the lists prepared in the preliminary surveys for enlisting the infants. Other criteria considered for selection included type of fuel used, number of rooms, number of cooking sessions in a day, place of cooking and working status of the mother. In total, data on mobility patterns of 41 infants and 16 mothers was collected in Kathputly Colony (15, 8 ) and Kusumpur Pahari (26, 8 ) .
Data -Collection Tools There are two approaches widely used for collecting data on mobility patterns. The general approach is to use census data for the public ( Landaue and Coniglio, 1979, as quoted in WHO, 1982; Chapin, 1974 ). An alternative approach is to use interview technique. Studies in the past have relied on daily activity diaries maintained by the subjects (WHO, 1984; Robinson, 1988; Dorre et al., 1990; Jenkins et al., 1990; Schwab et al., 1990 ) . Other methods have been telephone interviews ( Jenkins et al., 1990) , open -ended activity -recall interviews (Zartarian et al., 1995 , Dutt et al., 1996 , standardized questionnaires (Brauer et al., 1996 ) and videotaping (Zartarian et al., 1995 ) . All these methods are recall based, except for the videotaping method. In the Delhi slum study, mobility patterns of the infants and mothers was determined using interview guides 3 and schedules. 4 The information was collected as process records. Nonparticipant observation 5 was very helpful in obtaining identifying information about the infant /mother and in verifying the information collected from the respondent. The respondents in both the cases were the mothers of the infants.
Data Collection and Compilation
To draw up an activity ± time chart of the infants /mothers, the following data were collected:
i. The activities performed on a``normal'' day, ii. The time spent on performing each activity, iii. The time of the day each activity is performed, and iv. The place of performance of each activity.
In interviews of both mothers and infants, the recall time was reduced by asking the activities performed (including the corresponding location and time spent )``before cooking breakfast,''``after cooking lunch,'' etc. For working women, on the other hand, the recall time was split as per their working hours.
The data were compiled with respect to the activity performed, the time duration for which the corresponding activity is performed and the location where the mother / infant is during that particular time duration.
Analysis The infants were found in two possible locations in a day: a ) inside, 6 and b ) outside the house. Within the house, the location of the infant was found to change with respect to the location of the cookstove as: a) in the same room where the cookstove is located, and b ) in a room adjacent to the one in which the cookstove is placed. The daily activities of the infant were identified as a) sleeping, b ) playing, and c) being fed. The limited number of activities and accordingly the``locations'' of the infants is by virtue of their age.
The possible locations of the mothers were identified as: a ) inside the kitchen, b ) in the living room, c) in front of the house, d) community toilets, e ) roadside, f) market, and g ) work station. For a majority of the working women interviewed (95% ), the workstation was``inside.'' This was because they were employed as house maids in the nearby residential colonies. The activities performed by the women were identified as: a ) cooking, b) washing utensils, c) washing clothes, d ) cleaning the house, e ) getting water, f) child care, g) working out, h ) personal hygiene, and i) resting. Other activities that were said to be performed occasionally but not everyday were: a) buying groceries, b ) buying vegetables, c) grinding spices / cleaning pulses, d) throwing garbage, e) plastering the mudstove /walls /floor, and f ) social visits. An important finding of the survey was that despite the variety of activities performed by the women, the time spent by the women in most locations ( i.e. change in location ) was less than 1 h. The prominent locations where the women spent most of their time were identified as a ) inside the house (kitchen or living room ), b ) outside the house, and d ) at the workstation.
The mobility patterns were similar for a majority of the women due to the same gender and consequently the same role in the family. Another reason for the similar``group behavior'' was that a majority of the women were not working. An interesting finding was that the mobility patterns of the mother largely influenced those of the infant. This is by virtue of the dependency of the infant on the mother.
Conclusions It was decided that a``location'' will be considered for concentration measurement if the infant/ mother spends 1 h or more in that location. This was done so that the analyst does not have too many microenvironments to assess. Accordingly, the day was divided into eight distinct time spans during which the levels of RSPs to which the infant /mother were exposed were likely to remain constant. These were described as the possible microenvironments in the daily schedule of the infants and mothers.
Though the time spent by most women and infants inside the kitchen ( during cooking ) was less than an hour, the kitchen environment was identified for concentration measurement so as to account for the minute -to -minute variations in concentrations of pollutants.
In Kusumpur Pahari slum, of the 34 respondents interviewed 19 reported three cooking sessions in a day. In Kathputly Colony, of the 23 respondents interviewed, nine reported three cooking sessions in a day. In a majority of the households (except three households in Kathputly Colony ), the first cooking session took place before 10 am, the second session before 4 pm and the last cooking session was reported to occur after 4 pm. This was true for both the slums. For those households who had only one or two cooking sessions in a day, these were reported to occur in either of the abovementioned periods. The time of the day when cooking was done in the household did not vary much. This was primarily because of factors such as: a) the daily routine of other members of the household, and b) the working hours of the mother in certain cases.
For those households which reported that they do not cook after 10 am, and before 4 pm a long time period of 6 h existed in -between. Therefore, to find out whether another microenvironment exists within this long time period, a cut off time of 1 pm was taken. This cut off time was taken: a ) to reduce the recall time, b) to divide the time period of 6 h into two equal time spans of 3 h each, and c ) for a majority of households cooking thrice a day, the second cooking session ended in -between the time span of 12 pm (noon ) to 2 pm.
The eight microenvironments identified in the process are as follows:
Data Analysis The objective of analyzing the data was to determine when one microenvironment ends and the next starts. Frequency tables were drawn to determine the time duration with the maximum frequency for the corresponding microenvironment. In other words, the frequency tables identified the time when a particular microenvironment begins and when it ends for a majority of infants and mothers surveyed. During analysis, certain factors were kept in mind:
i. The time when one microenvironment ends and the following begins; ii. if there were two time durations with the same frequency then, the time duration 7 of the next microenvironment was taken into consideration; and iii. the number of infants /mothers for whom a particular microenvironment exists.
While analyzing the data, it was kept in mind that the microenvironments should not be overlapping and should account for 24 h.
Validity of Microenvironments
A second field survey (validity survey ) was conducted to confirm the validity of the microenvironments identified in the pre time budget survey. The activity ±time patterns of eight and nine infants were determined in Kathputly Colony and Kusumpur Pahari, respectively. For mothers, a sample of eight women was selected randomly in each slum. This sample was not the same as in the earlier survey. Structured interviews were designed with the help of an interview guide for collecting the data.
Information Collected
8 In the interviews for infants, the respondent was asked to specify the place where the infant is kept while cooking is going on.
9 Further details such as proximity of the infant to the cookstove during the cooking sessions were also determined. The fuel was also burnt for other tasks besides cooking, such as heating water, preparing tea, warming milk, etc. The respondent was thus asked to specify: a) the number of times such activities are performed in a day, b ) the time of the day these were performed, c ) the time spent in performing these activities,
M.E. I (T GUP ±COB ) Time when the infant /mother gets up till the first cooking session of the day M.E. II (B )
First cooking session of the day M.E. III (B ± COL )
After the first cooking session till the second cooking session of the day
Second cooking session of the day M.E. V (L ± COD )
After the second cooking session till the third cooking session of the day M.E. VI ( D ) Third cooking session of the day
M.E. VII ( D ±S )
After the third cooking session till the infant / mother goes to sleep M.E. VIII ( S) Time at which the infant /mother goes to sleep till they wake up the next day d ) the place where the activity is carried out, and e) the place where the infant is kept while the particular activity is being carried out. During winters, some form of space heating was also seen to be common. The type of device ( e.g. cookstove, electric heater, etc. ) used for space heating and the time for which these devices are used were also determined.
Compilation and Analysis of the Data Upon compilation, eight microenvironments were identified for infants and mothers. In determining the time duration of the microenvironments, the statistical technique of maximum frequency was exercised as far as possible. The assumptions made were:
a. if the probability of existence of a microenvironment is 0.5 or more, it was considered; b. in case of respondents for whom microenvironment IV ( L ) did not exist, 1 pm was taken as the cut off time to distinguish between M.E. III (B ± COL ) and M.E. V (L ± COD); and c. every half hour was rounded to the nearest hour, e.g. 8:30 am was taken as 8:00 am, 4:30 pm as 4:00 pm and so on. Comparing the results of both the surveys, i.e. the pre time budget and the validity surveys, the microenvironments determined for the infants and mothers are given in Tables 2 and 3, respectively. Other important findings of the survey are as follows. 1. Some microenvironments did not exist when individual cases were considered. For instance, if cooking was being done inside the house and the infant was kept outside during that time or vice versa, then the cooking microenvironment did not exist for the infant.
2. The time durations of various microenvironments were found to vary for the infants. The time when a After the first cooking session till the second cooking session of the day 8 am±1 pm 8 am±12/1 pm IV ( L ) Second cooking session of the day 1 ± 2 pm 12 / 1 ± 1 / 2 pm V ( L ± COD ) After the second cooking session till the third cooking session of the day 2 ± 5 / 6 pm 1 / 2 pm ± 7 / 8 pm VI ( D ) Third cooking session of the day 5 / 6 ± 6 / 7 pm 7 / 8 ± 8 / 9 pm VII ( D ± S ) After the third cooking session till the mother goes to sleep 6 / 7 ± 9 / 11 pm 8 / 9 ± 10 / 11 pm VIII ( S ) Time at which the mother goes to sleep till she wakes up the next day 9 / 11 pm ± 5 / 6 am 10 / 11 pm ± 6 am microenvironment begins or ends was found to be influenced by several factors such as: a ) the number of cooking sessions in a day, b ) the working status of the mother, c ) the daily schedule of other members of the household, d ) availability of space, e ) the presence of a household member to look after the infant besides the mother, etc. 3. Other socioeconomic factors that determined the time duration of the microenvironments included: a ) household income, b ) occupation, c) family size, d ) family composition, e ) life style, f) availability of fuel, g ) availability and accessibility of essential commodities like water, vegetables, groceries, etc.
4. The time spent on personal hygiene, child care and resting (PH /CC /R ) was not specified by the women. The reasons given by the women are as follows:
a. the number of times such activities are performed in a day is very high; b. there are no fixed times in a day when these activities are performed; c. the time spent on these activities varies to a great extent; and d. the activities are so much a part of their daily routine that they are not conscious of the number of times these are performed in a day.
On many occasions, the activities of the previous day were taken into account when the respondent found it difficult to give a general 24-h activity schedule.
Time Spent in the Microenvironments
To determine the time spent by the infants /mothers in the microenvironments, a time -budget survey was conducted in the two slums. The interview schedules used for data collection were administered after the concentration measurements had been completed in the household. The survey was carried out simultaneously in both the slums.
Before administering the schedules, the objective of the study was explained so that the respondent could answer accordingly. The respondents again were the mothers of the infants.
In each slum, 40 infants and their mothers were surveyed. Within these, 20 infants and their mothers were selected from households using kerosene as the main cooking fuel and 20 from households using wood. The selection within each strata was done randomly.
Time -Budget Schedules A separate schedule was designed for the mothers and the infants. A majority of the questions contained in the schedule were close ended with multiple alternatives. The activities that were included in the schedules were selected on the basis of the following criteria:
i. all activities performed at least four times in a week were taken as daily activities; 10 and ii. if the total time allocated to a certain activity in a day was less than 1 h, it was not included in the schedule.
In case of mothers; the activities included as daily activities 11 were: a) cooking, b ) washing clothes, c ) cleaning house, d ) washing utensils, e ) getting water, f ) personal hygiene /child care /resting, g ) sleeping (at night ), h ) working out, and i) miscellaneous.
Under child care numerous activities were included such as bathing the child, feeding, washing the infant's clothes, massaging the infant before a bath, putting the infant to sleep, etc. In miscellaneous were included fuel procurement, buying vegetables and groceries, recreation, etc.
Information Collected
The information collected during the field survey included:
i. place where the mother /infant is during the corresponding activity Ð inside or outside the house, ii. part of the day in which the activity is performed Ð M.E. I to VIII, and iii. time spent in performing the activities Ð in minutes or hours.
Compilation tables were also drawn so as to ascertain that the required information is obtained from the schedules accounting for 24 h. Separate compilation tables were drawn for the two sample groups.
Pretesting of the Time -Budget Schedule The time -budget schedule was pretested to test its completeness in terms of giving all the data required. The schedules were administered in two households ( one in each fuel type ) in each slum. The following modifications were made in the schedules upon pretesting: i) the respondent was provided with a broader time frame to respond as to when she or the infant performs a particular 10 Activities of fuel procurement, buying groceries, vegetables, etc. were also included since in the earlier surveys some women reported to perform these activities every alternate day. Hence, considering a period of 3 months ( December ± February ) , such activities could be taken as being performed daily. 11 The assumption that a particular activity, such as washing clothes, is performed daily may not hold true in individual cases. Though the results of the previous surveys showed that certain activities are performed daily, nevertheless the schedule was so designed as to give the frequency of performance of all the activities. activity. These were: morning (M ), afternoon ( A ) and evening ( E );
ii ) the microenvironments falling in each time span (M, A and E ) 12 were worked out for mothers and infants separately. While doing so the time duration of the microenvironments was kept in mind. The results of this exercise are given in Tables 4 and 5 .
During the field survey it was found that very few women could account for what they did the rest of the day besides the daily household chores. For obtaining data for these unaccounted hours of the day, the following approach was adopted:
i. reduction of recall time Ð the time to recall by the respondent was reduced to the previous day; ii. broadening of recall time Ð the time period to recall was broadened to a week, or even a month, on occasions when the respondent could not be very specific; and iii. transition approach Ð after accounting for the respondent's schedule on the previous day, the interviewer then expanded the time frame to elicit a more general response accounting for the winter months.
Certain questions had to be reframed at the time of interviewing. Also, some supplementary questions were asked to support the response. Hence, the schedules were used more flexibly according to the ability of the respondent to understand the context of the question and the extent to which she could recall.
Compilation of Time -Budget Data: Infants During data compilation, the activity of playing was assumed to have occurred equally outside and inside the house. During compilation, for responses with a time range (e.g. 5 ±6 am ), the lesser value was taken (i.e. 5 am ) in order to get specific results for exposure calculations.
Methodology The step -wise methodology adopted for compiling the time -budget data for infants is given in the following sections.
Step
1: Determination of Number and Time Duration of Microenvironments
For determining whether a microenvironment exists for the infant, the following were taken into consideration: a) the time when the infant wakes up in the morning and sleeps at night, b ) the number of cooking sessions in a day, and c) the time duration of the cooking sessions.
Using the results of the micro identification survey (pre time -budget and validity surveys ), the number, type ( M.E. I, II, etc. ) and time duration of microenvironments for the infant were determined. I, II, III, IV I = 5 ± 6 am, II = 6 ± 7 am, III = 7 am ± 12 pm, IV = 12 ± 1 pm I, II, III, IV I = 5 ± 7 / 8 am, II = 7 / 8 ± 8 / 9 am, III = 8 / 9 am ± 12 pm, IV = 12 ± 1 pm Afternoon ( 1 ± 6 / 7 pm ) V V = 1 ± 6 pm V, VI V = 1 ± 6 pm, VI = 6 ± 7 pm Evening ( 6 / 7 pm ± S ) VI, VII VI = 6 ± 8 pm, VII = 8 ± 9 pm VII VII = 7 ± 8 / 9 pm In the pre -surveys, a majority of the women ( especially those who were working ) said that by morning they mean time period up to 1 pm ( noon ) , afternoon includes time from 1 pm to 6 / 7 pm and by evening they mean after 6 / 7 pm.
Step 2: Compilation of Time Spent on Activities Performed during the Cooking Sessions
The time allocated to activities performed during the cooking sessions was compiled next. This was done according to:
i. the specific cooking microenvironments in which these are performed (M.E. II, IV and VI ) , ii. time spent (minutes/hours), and iii. place of performance (I*, I + and O ).
3: Compilation of Time Spent on Activities Performed in Noncooking Microenvironments
For determining the specific noncooking microenvironments in which the activity has been performed, Tables 2  and 4 were referred. The time allocated to sleeping and being fed was compiled accordingly.
4: Compilation of Time Spent in Playing during Noncooking Microenvironments
After compilation of the above, the total number of hours accounted for in each microenvironment were determined. This was compared with the total number of hours comprising the various microenvironments. On subtraction, the resulting number of hours left, in each microenvironment, were compiled under the activity of playing and were assumed to have occurred equally inside and outside the house.
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For the activity of being fed, the frequency was multiplied with the time ( minutes ) spent on each occasion. The resulting time was divided between M.E. I, III, V, VII ( day) and VIII (night ) in proportion to the time durations of these microenvironments.
On several occasions, the infant was reported to be performing more than one activity in the cooking sessions. However, the respondent could not give the specific time for the corresponding activity. Under such circumstances, the total time of the cooking session was equally divided between the two or three activities, as the case may be.
Compilation of Time -Budget Data: Mothers
The assumptions made during compilation were as follows.
i. For those women who were working, it was assumed that they are in the outdoor noncooking environment for the working hours. It was not possible to monitor samples at the individual work stations of the women. ii. Personal hygiene /child care / rest was assumed to have been performed both indoor and outdoor for equal time.
Methodology
Step 1: Compilation of Data for the Cooking Sessions The microenvironments existing for the mother were identified following the similar procedure as adopted for infants. The next step was to compile the data for the cooking sessions. This was done first since: i ) the microenvironments (II, IV, and VI ) were known at the time of data collection, and ii ) the place of performance did not vary over a season.
Step 2: Compilation of Data for Noncooking Microenvironments Similarly, the data for other activities was compiled with respect to the microenvironments in which these were performed, time spent, and the place in which these were generally performed by the respondent. The corresponding microenvironments in which the activity was performed were determined by referring to Tables 3 and 5 .
The remaining time was accordingly compiled under the activities PH /CC / R. The time spent on PH / CC /R was equally divided between I and O. Further, the time spent in M.E. VIII (S ) was taken in the indoor noncooking microenvironment. This was done since all the respondents told that they slept inside the house in winters.
Data Analysis Time Spent by Infant/Mother in Six Microenvironments
The data was analyzed so as to obtain the time spent by the infant and mother in the outdoor/indoor noncooking microenvironments and the cooking microenvironments. This was done to reduce the number of sessions to be monitored. The data compiled is given in Table 6 .
Six microenvironments were finally selected for concentration measurements:
i. cooking area during the preparation of breakfast, ii. living room when no cooking is going on, iii. outdoor (near the house) when no cooking is going on, iv. cooking area during the preparation of lunch, v. cooking area during the preparation of dinner, vi. living room while the family sleeps at night.
While the second, third, and sixth microenvironments were common to all households, without exception, the existence of the three cooking microenvironments was dependent on the cooking practices of individual households. A suitable surrogate, from among these six microenvironments, was found for microenvironments not covered otherwise. For example, if the mother told that she takes the infant along to her place of employment, then the third microenvironment was substituted 13 This was not followed as a strict rule. For example, if the infant wakes up at 6 am and the first cooking microenvironment begins at 7 am then, the infant cannot be expected to be outside the house, especially during winters. Therefore, the minutes compiled under the activity of playing, during this time duration ( i.e. 6 ± 7 am ) , were taken inside the house.
for this time duration. This was done because it was not feasible to take measuring instruments to all places visited by the infant or mother.
In case of the infant, it was important to consider the place of cooking and the movements of the infant with respect to the place of cooking. For example, if the place of cooking was reported to be inside (I) the house, the cooking activity lasted for 60 min and the movements of the infant during the cooking session were reported to be the following:
a. I* ( infant is in the same room where cooking is going on ) = 20 min b. I+ (infant is in another room where cooking is not being done ) =10 min c. O (infant is outside the house) = 30 min Accordingly, the cooking microenvironment will exist for the infant for only 20 min when he is actually at the place of cooking. The time spent in I+ and O was added to the indoor noncooking and outdoor noncooking microenvironments, respectively. In case of the mother, the cooking microenvironment was taken to exist only if the mother did the cooking. Accordingly, she was considered to be present at the place of cooking for the entire time duration. Change in location of the cook ( women ) during the cooking session was reported in very few cases and for very short durations. Hence, these movements were not noted in detail.
The time spent inside the house in M.E. I ± VII was compiled under microenvironment 2 for infants and of I, III, V and VII for mothers.
On the other hand, the time spent outside the house in M.E. I ±VII was compiled under microenvironment 3 for infants and I, III, V and VII for mothers. Further, the time spent in microenvironment VIII was compiled under microenvironment 6 for both infants and mothers (Table 6 ) .
Time Spent by Infant Near the Cookstove The total time spent by the infant near the cookstove in 24 h was determined. The total time spent on cooking ( Tc ) was first calculated by adding the time spent in the existing cooking microenvironments (i.e. Tc1+ Tc4 +Tc5) . Following this, for each cooking microenvironment the place of cooking (I, O ) , and the place where the infant is kept during cooking (I*, I + or O ) was determined. If the mother reported a change in the place of the infant during the cooking session (say, from I* to I+ ) , it was assumed that the infant spent the same number of minutes /hours in I* and I +. Accordingly, the time for which the cooking microenvironment existed was equally divided between I* and I+ . For each infant, the place where cooking took place and the place where the infant was kept during that cooking microenvironment were correlated. The various permutations between place of cooking (POC ) and place where infant is kept while cooking is being done (Pl ) are given in Table 7 . T = total sample size 20 infants / mothers in each fuel type in each slum.
Time budgets of infants for exposure assessment
Malhotra et al.
Journal of Exposure Analysis and Environmental Epidemiology (2000) 10(3)
Time Spent in Eight Microenvironments The total time spent by the mothers and infants in the eight microenvironments was determined.
Time Allocation ± Activity Patterns The time budget data was analyzed with respect to the percentage time spent on different activities in 24 h.
Results

Number of Cooking Sessions in 24 Hours
Majority of the households in the two slums cooked twice a day. All the 20 wood users in Kusumpur Pahari cooked two meals a day, while only 35% of the wood users in Kathputly Colony cooked twice a day. On the other hand, 80% of the kerosene-user households surveyed in Kathputly Colony cooked two meals in a day. Another notable finding is that only the wood users (60%) of Kathputly Colony cooked one meal a day. Of these, all households, except for one, cooked in the 2nd session, i.e. between 10 am to 4 pm. Cooking three meals in a day was not seen in any sample group except amongst the kerosene users of Kusumpur Pahari and Kathputly Colony where 35% and 25% of the user households were found to be cooking three meals a day, respectively. Among the households cooking two meals in a day, 80% of the households cooked in the 1st (before 10 am ) and the 3rd session (after 4 pm ) ( Table 8 ) . 
Malhotra et al. Time budgets of infants for exposure assessment
Place of Cooking Among kerosene users, none of the women cooked outside the house. On the other hand, the wood users cooked both indoors and outdoors. In Kusumpur Pahari, more wood users (44% ) cooked outside the house as compared to the wood users of Kathputly Colony ( 37.3% ) . This was mainly because in Kathputly Colony the houses were more congested. Also, some women preferred to cook outside since the smoke released was high. Table 9 gives the percentage of households cooking inside/outside the house in the two slums.
Time Spent near the Kerosene Stove /Mud Cookstove Sample Group: Infants The infants in the kerosene group, on an average, spent more time near the stove ( in 24 h) than the infants from households burning wood fuel. For wood group, the average time spent on cooking, in 24 h, was 150 min. Of these 150 min, an infant was spending 90 min near Sample size = 20 infants in each fuel type in each slum. Time budgets of infants for exposure assessmentthe stove. On the other hand, an infant, in the kerosene group, on an average spent 130 min near the stove of the 161 min spent on cooking. The results are shown in Figure 1 . Hence, in the wood group, of the total time spent on cooking, for 63% of this time the infant was found to be near the cookstove. In the kerosene group, on the other hand, of the total time spent on cooking, for 84% of this time the infant was near the stove. This is further substantiated by the number of infants for which the cooking microenvironments exist ( Table 10 ) . This has serious implications for exposure, as it was observed that this could lead to considerable overlap of the frequency distribution of exposure between infants of both fuel groups (Saksena et al., 1997 ) , even if pollutant concentration levels are lower in kerosene -using houses during cooking.
In terms of total time of 24 h, the infants of wood -user households spent 7% of their time near ( in the same room ) the stove while cooking was going on. On the other hand, infants of the kerosene-user households spent 9% of their time near the stove during cooking.
Sample Group: Mothers Not much variation was found regarding the time spent by the mother in front of the cookstove in the two slums or amongst the fuel types. On average, in a day a woman in both the slums was spending 11% of her time cooking for the family. In case of wood users, the women were spending 10% of their time in a day cooking (Figure 2 ) . In majority of the households, the mothers of the infant cooked except in one or two cases where she was being helped by older children.
Time Spent in Eight Microenvironments
Sample Group: Infants A major portion of the day (36% ) was spent by the infant in M.E. VIII ( indoor ± when the infant goes to sleep till he /she wakes up the next day ) which is obvious by its nature. The infant spent 22% of his / her time in M.E V, i.e. after the second cooking session till the third cooking session. The other microenvironment where the infant was spending more time is in M.E. III (19% ) (after the first cooking session till the second cooking session of the day) ( Figure 3 ) . Not much variation was found in the time spent in the eight microenvironments across fuel type and slum type ( high and low ambient air pollution areas ) .
In terms of indoor and outdoor noncooking microenvironments, the infants spent more time in the indoor noncooking microenvironment. This was mainly because infants were generally kept inside the house due to reasons, such as lack of space outside the home, age of the infant, etc.
Sample Group: Mothers The mothers too spent maximum time in M.E. VIII followed by M.E. V and III (Figure 4 ). The presleeping microenvironment ( i.e. M.E. VII ) is also significant with the women spending on an average 10% of their time ( in 24 h ) in this microenvironment. Value in parenthesis is the coefficient of variation ( % ) .
The number of hours spent by the women in sleeping, i.e. M.E. VIII was largely determined by the working hours of the husband. If the husband returned late from work and left early in the morning, the number of hours spent by the women in M.E. VIII was consequently less.
In terms of indoor and outdoor noncooking microenvironments, the women spent more time in the latter microenvironment. This was true for both the slums. This was because the daily tasks performed by the women, such as washing clothes and utensils, getting water, etc.; was generally done outside.
There was also not much variation in the time spent in the noncooking microenvironments amongst the kerosene and wood users in the two slums. This was because the other tasks performed by the women ( other than cooking ) were more dependent on the family size and composition than the fuel used for cooking.
14 The time spent by infants in various microenvironments is given in Table 11 .
Time ± Activity Profile
Sample Group: Infants The statistical analysis of the data on time spent by the infant on various activities showed that the infants spent approximately the same time ( percent ) on playing and sleeping in a day. Further, only 8.5% of time was spent on being fed. The time spent on daily activities among the fuel types in each slum is given in Table 12 .
Sample Group: Mothers The women spent maximum time on child care, personal hygiene and resting. It is not a defined activity by virtue of its nature, i.e. the frequency of performance and time spent, and therefore cannot be interpreted as significant portion. The time spent by women on different household tasks is given in Table 13 .
The data on time budgeting by women of both the slums shows that of all the household activities, the women spent maximum time on cooking and getting water. The women were spending 2.5 h every day on cooking alone. Similarly, the average time spent on collecting water was 1.3 h /day (maximum 2 h /day, minimum 0.6 h /day ). The other activities that consumed a lot of time of the women are as follows: i ) collection of fuelwood, ii ) getting kerosene, and iii ) getting groceries ( included under miscellaneous ). These activities consumed more than half of the day. Similar results have been obtained from time -allocation studies done on women in rural India and other developing nations (Batliwala, 1995 , UN, 1995 .
Time -Budget Data: Recall Method versus Actual Observation When people are asked to recall time spent on a certain activity and again asked to recall the same after several days /weeks, this provides an estimate of precision, but not of accuracy. We tested the accuracy using the observation method with a stopwatch.
For the cooking environment, an additional method was used to measure the time taken to perform the task. The investigators used a digital stopwatch to record the duration of cooking and the movement of the infant ± how long the infant was actually near the stove, in another room indoors and outdoors during cooking. The results of these measurements are shown in Table 14 .
We observed that the total time spent in cooking was very poorly correlated with the time spent near the stove by the infant (irrespective of method of measurement ). Very little correlation was observed between the two methods of measurement for either the total time spent in cooking or time actually near the stove.
A two -tailed t -test indicated that the time spent by the infant near the stove is significantly different from the total time spent by the mother in cooking. An analysis of variance ( ANOVA; equal cell sizes ) of these results (observation method ) indicated that while the total cooking time is not dependent on the fuel group, the actual time spent by the infant near the fire is significantly different across the fuel groups (F = 15, P <0.000 ). In other words, infants in the kerosene user group spend significantly more time near the stove than those in the wood user group.
It was observed that infants in houses using kerosene are near the stove for a duration that is 68% of the total cooking duration, while for infants in wood using households this duration is only 44% (on the basis of the recall method, these numbers are 84% and 63%, respectively ). This may be due to the fact that wood users cook outdoors more often than kerosene users. ( 20 ) 127 ( 41 ) Value in parenthesis is the coefficient of variation ( % ) .
14 A questionnaire -based socioeconomic survey was conducted to collect information on environmental and health parameters in the households enlisted for the study. In this survey, information was collected from 303 households in Kathputly Colony and 301 households in Kusumpur Pahari.
Comparing the two methods of measurement, we found that 33% of the respondents underestimated the time taken to cook, while 67% usually overestimate this duration. In assessing the time actually spent by the infants near the stove, 24% of the mothers underestimated this, while 74% overestimated this.
On an average, the total time spent by the mothers in cooking is overestimated by 33 min, and the actual time spent by their infants near the fire is overestimated by 42 min. These patterns were found to be the same irrespective of fuel group.
Discussion
The microenvironment approach in exposure assessment studies has several advantages for it takes into account the varying levels of pollution to which an individual is exposed during the course of the day. It therefore creates a large set of independent variables that can be correlated to incidence of acute respiratory infection (ARI ). However, the microenvironments identified are subject to the following sources of error. i) Method of recall. In both the surveys, the data collected is based on the ability of the respondents to recall. On the other hand, a 24-h observation of the infant's or the mother's daily activities was not possible due to a number of practical constraints. The privacy of the respondent and other family members had to be acknowledged under all circumstances. Other constraints were the availability of time and manpower. These constraints thus ruled out participant observation. The application of nonparticipant observation was also limited to short time durations.
ii ) Ability of respondent. The low literacy level of the women limited the use of the diary method. As a result, an interview guide had to be prepared for questioning. The reliability of the data collected is therefore dependent on the ability of the respondent to understand the context of the question being asked and respond accordingly.
iii ) Nature of study. The nature of the study in itself contributes a source of error because it is difficult for any respondent, irrespective of her intellectual ability or memory, to account for every half an hour or even an hour in her daily schedule. iv ) Difference between ideal and real situations. In social situations, manipulations of all variables is not possible. The study had to be carried out in situations that differ from the idealized one. Therefore, observations made in the real situation (recall activities performed and the time spent for specific parts of the day, such as after eating dinner to before sleeping ) had to be adjusted so that assertions about the ideal situation (a complete 24-h schedule ) could be made. Value in parenthesis is the coefficient of variation ( % ) . ( 76 ) 48 ( 50 ) 50 ( 78 ) 37 ( 108 ) 21 ( 228 ) 111 ( 167 ) 502 ( 16 ) 462 ( 43 ) Value in parenthesis is the coefficient of variation ( % ) . WC Ð washing clothes; CL Ð cleaning house; WU Ð washing utensils; GW Ð getting water; Misc Ð miscellaneous; PH Ð personal hygiene; CC Ð child care; R Ð resting; LW Ð low ambient air pollution area ( L ) , wood user household ( W ) ; LK Ð low ambient air pollution area ( L ) , kerosene user household ( K ) ; HK Ð high ambient air pollution area ( L ) , kerosene user household ( W ) ; HW Ð high ambient air pollution area ( L ) , wood user household ( W ) .
The methodology outlined is also specified by the target group (infants and mothers ) chosen in the study. Further, in the study it was assumed that if the change in location /place ( therefore, change in level of pollutants ) for an infant/ mother takes place for an hour or more a new microenvironment exists for the infant /mother. Accordingly, this time can be reduced leading to an increase in the number of microenvironments to be sampled.
Hence, there is further scope for refining the methodology through more field trials. However, it does serve as a starting point for similar studies.
